If technological advances were simply a continuous, linear outgrowth of past technology, we might expect future computing environments merely to comprise more laptops possessing more power, more memory, and better color displays. But the world of information and technology doesn't always evolve linearly. Radical new uses of portable information technology are on the horizon.
To better envision future technology, we need to examine the work environment, for two distinct crosscurrents will shape future personal information subsystems. Counterposed against the technological leaps that are now being glimpsed is the very human desire not to be held hostage by that technology.
Current thought about the work environment places significant emphasis on unobtrusive technology. The best user interface is the self-effacing one, the one that you don't even notice. At the same time, the amount of information impinging upon our lives is exploding, often via high-tech media (cable home shopping, interactive television, computer bulletin boards, and so on). Thus, on one level we have increasing unobtrusiveness, and on another even more intrusiveness.
The paradoxical intersection of these two conflicting trends leads me to believe that the next phase of computing technology will develop nonlinearly. Without being too fanciful, we might even anticipate a renaissance similar to that stemming from Gutenberg's invention of movable type. Before Gutenberg, information was expensive, tightly controlled, precious. Today, it effortlessly (and often unobtrusively) surrounds us. Look around now: How many objects and surfaces do you see with words on them? Computers in the workplace can be as ubiquitous as today's printed matter. In the long run, the personal computer and the workstation will become practically obsolete because computing access will be everywhere: in the walls, on your wrist, and in "scrap computers" (like scrap paper) lying October 1993 about to be used as needed. Hence, ubiquitous computing.
What it is and what it will do for you. Ubiquitous computing has as its goal the nonintrusive availability of computers throughout the physical environment, virtually, if not effectively, invisible to the user.
Unlike virtual reality, ubiquitous computing will integrate information displays into the everyday physical world. Its proponents value the nuances of the real world and aim only to augment them. And unlike current personal digital assistants, ubiquitious computing will be a world of fully connected devices, with cheap wireless networks; it will not require that you carry around a PDA, since information will be accessible everywhere. Nascent research in ubiquitous computing has already had a worldwide impact on all areas of computer science, from hardware components to network protocols, interaction substrates, applications, privacy, and computational methods.
Unlike the intimate agent computer that responds to your voice and is a personal assistant, ubiquitous computing takes place primarily in the background. Whereas the intimate computer does your bidding, the ubiquitous computer leaves you feeling as though you did it yourself. Its extensive use of video and audio, including voice communication, will transform electronic interfaces into interperson-al ones. The hundreds of little displays in the future office will replace the thousands of words visible in today's office (on book spines, wall postings, phone messages, working papers, and Post-its) and will be seamlessly integrated into the work environment, gently enhancing the occupants' everyday activities.
Current research. Work on ubiquitous computing is still at an early phase and is for the most part focused on the mobile infrastructure for wireless networking. Still, this nascent research has already had a worldwide impact on all areas of computer science, from hardware components to network protocols, interaction substrates (for example, software for screens and pens), applications, privacy, and computational methods.
Because ubiquitous computing will involve hundreds of wireless computers in every office, its need for wireless bandwidth will be substantial. For instance, I work in a building with 300 other people. If each of us were to have 100 wireless devices (plausible, since a typical office or home has many more information sources than this now) in our offices, each demanding 256 Kbits per second, we would require 7.5 gigabits of aggregate bandwidth. This is difficult to achieve with current wireless technologies. The crucial issue is not the usual bits per second, but bits per second per cubic meter, where the final divisor is the volume of space over which a given data source can be heard. One way to achieve gigabits of aggregate bandwidth in a building is to use a radio or infrared cellular system, with cells the size of an office, so that the same frequency band is reused hundreds of times in the same building.
A second challenge of the mobile infrastructure is mobility itself. Networking developed over the past 20 years with the assumption that a machine's name and its network address were unvarying. However, once a computer can move from network to network, this assumption no longer IP and OS1 n&'d to be redesigned to handle machine mobility, and a number of committees and researchers are attempting to augment them or to design new protocols that can handle mobility. For example, the Mobile-IP Subcommittee of the Internet Engineering Task Force is considering a number of proposals by which a mobile device would have data packets rerouted from its home address to its current location.
A third challenge of the mobile infrastructure is window systems. Most window systems, such as those for the Macintosh and for DOS, cannot open remote windows over a network. Even window systems designed for networking, such as X Windows, have built-in assumptions about the mobility of people. The X Window System protocol, for instance, makes it very difficult to migrate the window of a running application from one screen to another, although this is just what a person traveling from his or her office to a meeting might want to do.
The growing number of researchers working on ubiquitous computing will surmount the daunting technical challenges. This leaves only the psychological, social, and business challenges. The most profound revolutions are not the ones trumpeted by pundits, but those that sneak in when we are not looking. Time will tell if ubiquitous computing, or something else, will be the next to quietly transform our lives. Boundary element software speeds structure analysis Century-old mathematical formulations not previously thought to have commercial utility have led to the development of an analysis method now being used in complex engineering problems that may involve stress analysis, heat transfer, fluid analysis, or the yielding and cracking of solids.
"With the boundary element method, you just model the outside boundary," said Ken Liao, senior engineer at the John Deere Product Engineering Center. "It automatically figures out the inside on its own."
"For the last 25 years, people have been saying it will never work," said Prasanta K. Banerjee, professor of civil engineering at the State University of New York (SUNY) at Buffalo. "Now, suddenly, it's looking very useful and very accurate."
The boundary element method functions on the premise that any homogeneous region of a system can be analyzed by being subdivided into sections consisting only of surfaces, not so-called whole-body or three-dimensional elements. By calculating the surfaces. Banerjee explained. predic-tions can be made about a system's internal behavior. So instead of making time-consuming volume calculations, the method solves 3D volume problems as 2D surface problems. Although the boundary element method involves extremely complicated mathematics, it is easily accommodated by desktop workstations.
In 1990, NASA, which partially funded Banerjee's efforts, publicly distributed his research software through Cosmic, the technology transfer arm of the Department of Commerce. While other boundary element software packages exist, the codes on which Banerjee's software is based are still the only ones available to the public.
Banerjee and his colleagues at the university are now applying the boundary element method to computational fluid dynamics and to composites.
To provide support services related to the research software, Banerjee created a boundary element software package that he distributes through the Boundary Element Software Technology Corp.
Biosphere project reaches milestone
A long-term scientific project in which researchers have been living inside the world's largest closed ecological life-support system has passed a significant milestone. The Biosphere II crew completed its two-year mission September 26, successfully sustaining themselves and approximately 3,500 species of plants and animals without using toxic pesticides or chemical fertilizers. The experiment is the first phase of a loo-year study of the interdependent ecology of Earth.
Biosphere II, built between 1987 and 1990 near Oracle, Arizona, makes extensive use of computer systems for administrative support, communication, and monitoring of ambient conditions (Computer, May 19X9, p. 11) . Except for personal and scientific journals, and the Biospherians' library, the eight-member crew operated virtually without paper.
While the nearby Mission Control building received electrical power from the local utility, the biosphere itself used power generated from natural gas at a separate energy center. The center produced enough energy to heat and cool the biosphere and even to sell some excess power to the utility company. Moreover, project officials report that the Biospherians recycled 100 percent of the human and domestic animal wastes and 100 percent of the water in their environment.
Computer support. More than 1,000 sensors are distributed throughout Biosphere II to monitor its complex ecosystems. Each sensor takes about 360 readings an hour. To gather and process all of the data, Space Biosphere Ventures and Hewlett-Packard developed an information system with built-in decision nodes that trigger appropriate actions when measurements fall outside expected ranges.
COMPUTER

Distributed inside both Biosphere
In addition, Biospherians, all de-have applications in agriculture, biol-II and the Mission Control building, scribed as "computer literate," used ogy, ecology, space science, and eduwhere at least one staff member is al-their own computer terminals to log cation. Development of patentable ways in attendance, this Biosphere their activities and enter data on their technologies is also a goal. Project sci-Nerve System health and diet, crop yields, animal entists are especially pleased that l converts sensor signals into useful production, maintenance and repairs ecology can now stake a stronger numbers, to facilities, and other variables. claim to recognition as an experimenl analyzes the data and produces tal science. statistical summaries, Mission to continue. In about five Although not initially intended as a l alerts technicians to possible prob-months, another group is scheduled to visitor attraction, Biosphere II generlems and hazards, and enter the biosphere -this time for ated enough public interest that a visil distributes information electroni-one year-to continue current exper-tor's center was constructed. Officials tally to outside research centers iments and begin new ones. The bene-report that a half-million visitors have involved in similar studies.
fits accruing from the ongoing project been to the site.
More schools ark putting technology in students' hands Many students returning to school work, created by Indiana-based Dyna-a video production studio. Its library this fall are finding an array of high-corn, is the first such system installed is just as aptly referred to as an autotech media equipment offering learn-on the West Coast. Other schools and mated media center. ing opportunities that educators once universities in the US and Canada When students at Orange County only dreamed about. Selected new have been using the television-cable/ high schools graduate, they may schools in southern Orange County, fiber-optics system, which debuted in choose to let prospective employers California, for example, have been 1989. The teachers, most of whom know about their acquired skills by equipped to jump-start students into have experience with personal com-having their transcripts, work experithe information age.
puters and vied for positions at the ence, and interests made available Students entering brand new Aliso school, received in-house training in through the Vital Link network. This Niguel High School discovered that in the Dynacom system. program is national in scope, with addition to VCRs and a 21-inch moni-Students following a technical curric-many schools getting support from lotor, students and teachers in the ulum will have an opportunity for cal businesses and organizations. In school's 77 classrooms have Macin-hands-on servicing of equipment, since Orange County, 37 high schools will toshes to access seven CD-ROM Aliso Niguel will undertake computer use the Vital Link program. drives in the school's media center, repairs for its entire school district. Parents and community leaders connected by fiber-optic cable. Along
Not far away at Ranch0 Santa Mar-have demonstrated a strong interest in with 16 other schools in California, garita Intermediate School, teachers the high-tech capabilities of the new Aliso Niguel will participate in Pacific can bring in a mobile lab with Apple schools, which for many have come to Bell's Knowledge Network Project laptop computers to augment the reg-symbolize the future of education. whereby students and teachers can ac-ular classroom Macintoshes, VCRs, And employers stand to benefit from cess databases nationwide. and laser disk players. The school also the pool of computer-literate workers The school's video information net-has computer and technology labs and soon to enter the marketplace.
Circular explains federal agencies' information policv
In keeping with the Clinton administration's desire to make federal government information available to the American people. the US Office of Management and Budget has issued new policies for managing government information. The policies encourage agencies to use new technologies to improve public access. tronic information products, whether computer tapes, CD-ROMs, or online services, will fall under the same policy umbrella as printed publications and audiovisual materials. The circular asks agencies to develop and maintain indexes and other tools to make it easier for the public to locate government information. J tive. OMB will Sally Katzen, administrator of OMB's Office of Information and Regulatory Affairs. said that the revisions of OMB Circular A-130 "will help bring the federal government into the information age."
OMB Circular A-130, entitled Management of Federal Information Resources, establishes policies that federal agencies will follow when acquiring, using, and distributing government information.
The revised circular emphasizes integrated management of information dissemination products. Agency elec-
October 1993
The circular states that, generally, the federal government should recoup only those costs associated with the dissemination of information and not those associated with its creation or collection. Similarly, it provides that agencies should not attempt to restrict the secondary uses of their information products.
Katzen noted that OMB will take other steps to improve information management. In cooperation with the other agencies in the Information Infrastructure Task Force called for in the president's technology initia-9 sponsor a coordinated initiative to improve electronic mail among agencies, l promote the establishment of an agency-based government information/inventory locator system to help in locating and accessing public information, and l use the Paperwork Reduction Act to encourage agencies to convert paper documents to electronic form. In addition. the administration will work with Congress to update the Freedom of Information Act with respect to electronic records.
The revised circular is available from the OMB Publications Office, phone (202) 395-7332. For an electronic version on the Internet, use anonymous FTP from nis.nsf.net as lombiomb.al30.rev2
(do not use capital letters in the file name).
